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Quantitation of mRNA expression in glomeruli using laser- to the surface of the tissue section on a standard glass
manipulated microdissection and laser pressure catapulting. histopathology slide. Laser pulse then specifically acti-
Background. Laser-manipulated microdissection (LMM) is vates the film above the cells of interest. Strong focala method to cut out a single cell or limited tiny region from a
adhesion allows selective procurement of the targetedspecimen under microscopic observation by a laser beam. Laser
cells. Using this method, neuron cells were picked up,pressure catapulting (LPC) is a method to push up and collect
samples that were microdissected using a strong laser. and these specimens were used to perform small-scale
Methods. To induce experimental glomerulonephritis, anti- microarray analysis [3]. The latter method used a laser
Thy1.1 monoclonal antibody (OX-7) was injected intrave- beam not only to perform microdissection, but also tonously into rats. Control and disease model kidneys were ob-
collect selected cell clusters or a single cell directly intotained. Six-micrometer thick cryostat sections were mounted
the cap of a microcentrifuge tube by laser pressure cata-onto a 1.35 mm thin polyethylene membrane. Ten glomeruli
were collected from 6 mm frozen sections of rat kidney by pulting. By using the laser-mediated manipulation method
LMM and LPC. Isolated glomeruli were used to quantitate the along with reverse transcription-polymerase chain reac-
expression of mRNA by real-time polymerase chain reaction tion (RT-PCR) analysis, mRNA expression was ana-(PCR).
lyzed in colon carcinoma [2] and lung tissue [4].Results. Transforming growth factor-b1 (TGF-b1) mRNA
Here we establish the method to aim at glomeruliwas not detected in glomeruli isolated by the LMM and the
LPC methods on day 0, although G3PDH mRNA was measur- from standard histochemical specimens of normal and
able in the same samples. On day 7 after the treatment with nephritic rat kidney by laser-manipulated microdissec-
OX-7, the ratio of TGF-b1/G3PDH mRNA was 1.89 6 0.96
tion (LMM) and laser pressure catapulting (LPC). The(N 5 6).
mRNA expression of isolated glomeruli has been evalu-Conclusions. We established methods to isolate glomeruli
from standard histochemical specimens by LMM and LPC, and ated using real-time PCR, a technique that has been
to quantify mRNA expression in the targeted glomeruli using recently established [5] for sensitive and precise quanti-
real-time PCR. We confirmed the up-regulation of TGF-b1 tation of PCR products [6]. We confirmed the up-regula-
mRNA expression in isolated glomeruli from frozen sections
tion of transforming growth factor-b1 (TGF-b1) mRNAof the anti-Thy1.1 glomerulonephritis model.
expression in glomeruli isolated from frozen sections
of the anti-Thy1.1 glomerulonephritis model, which was
consistent with previous reports [7]. The method de-Laser microdissection techniques have been devel-
scribed in this report could be applied to study the ex-oped to select and obtain a single cell or a limited region
pression of any other genes of a small region of kidneyof tissue [1, 2]. Two laser-based microdissection methods
such as glomeruli from paraffin-embedded histochemicalhave recently been reported to pick up cells under micro-
specimens.scope observation: the laser-capture microdissection [1]
and the laser-mediated manipulation [2]. In the former
technique, a transparent thermoplastic film is applied METHODS
Animals and preparation of anti-Thy1.1
glomerulonephritis modelKey words: laser beam, TGF-b, real time PCR, anti-Thy1.1 glomerulo-
nephritis, cell microdissection. Six-week-old male Sprague-Dawley rats (Japan SLC,
Inc., Hamamastsu, Japan) were fed with standard ratReceived for publication May 17, 1999
chow ad libitum and given free access to water. To induceand in revised form September 3, 1999
Accepted for publication September 9, 1999 experimental glomerulonephritis, 1 mg/kg of monoclonal
anti-Thy1.1 antibody (OX-7), which was a kind gift fromÓ 2000 by the International Society of Nephrology
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Dr. Kenichi Isobe and Dr. Seiichi Matsuo (Nagoya Uni- Quantitation of the expression ratio of TGF-b1/
G3PDH mRNA by real-time PCRversity) was injected intravenously. Control rats were
treated with saline injection. On day 0, 2, 7, or 14, animals Total RNAs of the control and disease kidneys, as
were sacrificed under pentobarbital anesthesia. Kidneys well as 10 glomeruli collected by LMM and LPC from
on both sides were perfused with phosphate-buffered frozen tissue samples, were extracted using TRIzol re-
saline (PBS) and then with 4% paraformaldehyde (PFA) agent (Life Technologies, Rockville, MD, USA) ac-
and were removed. After PFA fixation, the kidneys were cording to the manufacturer’s procedure.
dehydrated overnight by 30% sucrose/PBS, were frozen First-strand cDNA was made from total RNA using
in Tissue-Tek O.C.T. compound (Sakura Company, Tor- the SuperScript preamplification system (Life Technolo-
rance, CA, USA), and were cut by cryostat. Six-microme- gies) with random hexamers. Excess oligomers were re-
moved by Microcon YM-10 (Millipore Co., Bedford,ter thick cryostat sections were mounted onto a 1.35 mm
MA, USA).thin polyethylene membrane (P.A.L.M., Wolfratshausen,
Real-time PCR using the ABI Prism 7700 SequenceGermany), which was treated overnight with 1% poly-l-
Detection System (Perkin Elmer Applied Biosystems,lysine (Sigma, Deisenhofen, Germany) [2]. Specimens
Foster City, CA, USA) is a method to perform reproduc-were stained with hematoxylin without a cover glass after
ible quantitative PCR [4, 6, 10]. Cleavage of the se-air drying.
quence-specific probe (TaqMan Probe) by 59 nuclease
Laser-manipulated microdissection and laser activity of the Taq DNA polymerase releases the re-
pressure catapulting porter dye, resulting in an emission increase of respective
wavelengths. With each cycle, the fluorescence intensityLaser-manipulated microdissection is a method to cut
of additional reporter dye molecules is monitored by theout a single cell or small region from a specimen under
system. Threshold cycles (Ct) were selected in the linemicroscope observation by laser beam [2, 8, 9]. LPC is
in which all samples were in logarithmic phase [6]. Thea method to push up and collect samples that have been
quantity of PCR products was calculated by the Ct value.microdissected using LMM by strong laser [2]. These
This real-time detection generates quantitative datamethods were performed using the Robot-Microbeam
based on PCR at early cycles when PCR fidelity is highest(P.A.L.M.) and an inverted microscope (Carl Zeiss, Ob-
(details about this method are on the Internet site oferkochem, Germany). The Robot-Microbeam is equipped
Perkin Elmer: http://www2.perkin-elmer.com/ab/).with a pulsed high-quality laser beam, computer-con-
Quantitation of TGF-b1 mRNA/G3PDH mRNA wastrolled microscope stage, and micromanipulator.
performed by this real-time PCR system. The TGF-b1The specimen was set on a microscope stage and ob-
TaqMan probe was 59TACGCCTGAGTGGCTGTCTTserved by a CCD camera from the upper side. The image
TGA39. The TGF-b1 forward primer sequence was 59AC
of the specimen on thin membrane prepared as described
CTTGGTAACCGGCTGC39, and its reverse primer se-
earlier in this article was shown on the monitor. The
quence was 59TCCTTGGTTCAGCCACTGC39. G3PDH
laser microbeam was focused through the objective lens TaqMan probe, forward and reverse primers were ob-
from the lower side of the specimen [9]. The focus of tained from TaqMan Rodent GAPDH Control Reagents
the laser on the specimen was identified by a marked spot (Perkin Elmer Applied Biosystems). The PCR reaction
on the monitor. For microdissection, the laser energy was mixture consisted of RNase-free water and 100 nmol/L
controlled and adjusted by the filter [9]. When the laser forward and reverse primer, TaqMan probe, TaqMan
switch was turned on, the laser beam dissected the sam- Universal PCR Master Mix (Perkin Elmer Applied Bio-
ple accompanied by the thin membrane. The specimen systems), and samples. PCR conditions were as follows:
was moved by a computer-controlled microscope stage, two minutes at 508C for uracil-N-glycosylase incubation,
which was easily handled by the computer mouse. By 10 minutes at 958C for the activation of AmpliTaq Gold
tracing around glomeruli shown on the monitor, the tar- DNA polymerase, and then 50 cycles of 958C for 15
geted glomeruli were cut out by laser. seconds and 608C for one minute. The expression of
For LPC, the setting of laser energy should be suffi- TGF-b1 and G3PDH in each sample was quantitated
ciently high to catapult the microdissected glomeruli of in separate tubes with the respective primers. No PCR
the histologic specimen into the microcentrifuge cap (0.6 products were detected in the real-time PCR procedure
mL), which was held by the micromanipulater. The speci- without reverse transcription, indicating that the contam-
men could be observed on the monitor through a thin ination of genomic DNA was negligible. Gels of the PCR
transparent microcentrifuge cap. When the LPC was per- products after quantitation of TGF-b1 or G3PDH by
formed, the microdissected glomeruli “jumped up” and real-time PCR showed two bands (92 and 177 bp, respec-
were attached to the cap. Ten glomeruli for each experi- tively) in which the size was the same as expected (data
not shown).ment were collected by this procedure.
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RESULTS
Isolation of glomeruli from frozen cryostat sections by
LMM and LPC
Six-micrometer cryostat specimens were made from
kidneys on days 0 and 7 after injection of OX-7. Glomer-
uli in frozen cryostat specimen of control and disease-
induced kidneys were cut with LMM and were cata-
pulted by LPC (Fig. 2 A, B), as described in the Methods
section. We confirmed the collected glomeruli on the
microcentrifuge cap on the monitor (Fig. 2C). Figure 3
shows a typical image before and after the LMM and
LPC procedure (Fig. 3 A, B, respectively). Only glomer-
uli were microdissected by this procedure. The target
glomeruli were selected randomly on the specimen.
Confirmation of the method for quantitation
of the expression ratio of TGF-b1/G3PDH mRNA
in rat anti-Thy1.1 glomerulonephritis model
by real-time PCR
Rat kidney mRNAs were obtained on days 0, 2, 7, and
14 days after the injection of OX-7. cDNAs were made
from rat kidney total mRNA. Relative concentrations of
the TGF-b1 and G3PDH mRNAs of rat kidneys on days
0, 2, 7, and 14 were quantitated by real-time PCR, as
described in the Methods section. The expression ratio
of TGF-b1/G3PDH mRNA in kidneys was 0.14 6 0.02
on day 0, 0.30 6 0.03 on day 2, 0.65 6 0.24 on day 7,Fig. 1. Quantitation of the expression of G3PDH mRNA by real-time
polymerase chain reaction (PCR). (A) The quantitation of G3PDH and 0.29 6 0.07 on day 14 (Fig. 4). On day 7, there was
mRNA for preparing standard lines by real-time PCR using ABI Prism a significant increase of the expression ratio of TGF-b1/7700 Sequence Detection System. Each curve is representative data of
G3PDH mRNA (N 5 3, control vs. day 7, P , 0.001).a series of five times dilutions (from left to right lines, 53, 54, 55, 56, 57,
and 58). With each cycle, the fluorescence intensity of additional reporter These data were compatible with previously reported re-
dye molecules is monitored by the system. As the cycle number increased, sults [7], indicating that the expression of TGF-b1 mRNAfluorescence intensity increased at an exponential rate. Ct represents the
could be quantitated successfully by real-time PCR.threshold cycle. (B) The standard line for the quantitation of G3PDH
mRNA. The relative quantity was calculated based on Ct value.
Quantitation of the ratio of TGF-b1/G3PDH mRNA
in glomeruli collected by LMM and LPC
Isolated mRNA of 10 glomeruli randomly selectedThe standard lines for G3PDH and TGF-b1 was made
from 6 mm frozen sections by LMM and LPC was usedby series of five times dilutions (53, 54, 55, 56, 57, and 58)
to quantitate the expression of TGF-b1 mRNA in thisof the cDNA. In Figure 1A, the fluorescence intensity
glomerulonephritis model. TGF-b1 mRNA on day 0 wasfor the series of dilutions for real-time PCR reaction of
not detected in isolated glomeruli. The amount ofG3PDH is shown. Representative data were shown in
this figure, although triplicate samples were assayed si- G3PDH mRNA was measurable in the same samples
multaneously and superimposed on each other (data not (the relative amounts of G3PDH mRNA were 149 6 65
shown). The standard line was calculated based on the on day 0, N 5 6, and 111 6 44 on day 7, N 5 6), indicating
Ct values (Fig. 1B). that mRNAs were isolated successfully from collected
The RNAs isolated from glomeruli collected by LMM glomeruli by LMM/LPC. On day 7 after the treatment
and LPC system of the frozen cryostat sections of control of OX-7, the ratio of TGF-b1/G3PDH mRNA increased
and disease kidney (7 days after OX-7 treatment) were as shown in Figure 5 (1.89 6 0.96, N 5 6).
quantitated by real-time PCR using the same procedure.
DISCUSSIONData analysis
In this article, we demonstrate that glomeruli can beThe results shown are mean 6 SE for comparisons
selectively collected from a 6 mm frozen section of ratbetween two groups. The unpaired t-test (two tailed)
was used, and P , 0.05 was taken to be significant. kidney by LMM and LPC. Isolated glomeruli were used
Fig. 3. Representative photographs of a rat kidney specimen before
and after LMM and LPC (magnification 3,40). (A) Six-micrometer
frozen section of rat kidney seven days after treatment with OX-7
stained by hematoxylin before LMM and LPC. (B) The same specimen
after LMM and LPC. The glomeruli microdissected and catapulted by
the laser beam are shown by arrowheads.Fig. 2. Microscopic images of a single glomerulus treated with laser-
manipulated microdissection (LMM) and laser pressure catapulting
(LPC; magnification 3,200). (A) Rat kidney seven days after injection
of OX-7. A 6 mm frozen section on a thin polyethylene membrane was
stained with hematoxylin. A single glomerulus is shown in the center
to quantitate the expression of mRNA by real-time PCR.of this figure. (B) The microscope image of the same field after LMM
and LPC method. The glomerulus was microdissected and catapulted LMM is a new method to perform microdissection of a
using the Robot-Microbeam, as described in the Methods section. (C) single cell or selected tiny region [2]. There have been
The catapulted glomerulus was confirmed on the monitor.
other reports describing methods to collect specific re-
gions of kidney tissue such as graded sieving of glomeruli
[11, 12] and isolation of suspension of proximal tubular
cells [13]. Although these methods allowed us to obtain
relatively large amounts of samples, it was difficult to
avoid possible contamination of other compartments of
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Fig. 5. Expression ratio of TGF-b1/G3PDH mRNA in glomeruli iso-
lated from anti-Thy1.1 glomerulonephritis model by LMM and LCM.
Fig. 4. Time course of the expression ratio of TGF-b1/G3PDH mRNA Six-micrometer frozen sections were prepared from rat anti-Thy1.1
in rat kidneys after the injection of OX-7 was analyzed by real-time model kidney on day 0 (for control) and day 7. Ten glomeruli were
PCR. Rat kidney mRNAs were isolated on days 0, 2, 7, and 14 after microdissected from specimens by the LMM method. They were cata-
the injection of OX-7 (N 5 3). The ratio of TGF-b1/G3PDH mRNA pulted and collected by the LPC method for each experiment. The
was quantitated by real-time PCR as described in the Methods section. expression ratio of TGF-b1/G3PDH mRNA in these glomeruli was
Each point represents the mean of three independent experiments quantitated by real-time PCR. The expression of TGF-b1 mRNA in
(mean 6 se). *P , 0.001, control vs. day 7. glomeruli was not detected on day 0, although G3PDH mRNA was
identified in the same samples (The relative amounts of G3PDH were
149 6 64 on day 0, N 5 6, and 111 6 44 on day 7, N 5 6). The ratio
of TGF-b1/G3PDH mRNA in the glomerulonephritis model was 1.89 6
0.96 (N 5 6, mean 6 SE) on day 7.
the kidney, which may cause problems with sensitive
PCR methods. Microdissection under a stereoscopic mi-
croscope has been widely used to isolate specific nephron
segments [14, 15]. It is also feasible to collect a certain without definition of log-phase amplification. This method
uses an internal control, a competitor, which should beamount of specific segments. The LMM/LPC method
may be suitable for collecting target regions along with of equal or similar length to the targeted gene and be
amplified simultaneously by the same primers [26]. Sev-histopathological analysis of the kidney under micro-
scopic observation. Techniques of microdissection from eral ways have been developed to design the competitor
[27]. It is difficult, however, to validate the same amplifi-a histologic specimen using a scalpel blade have been
reported [16–18]. It is difficult, however, to eliminate cation efficiency of the target gene and the internal con-
trol, although it is essential for the success of the quanti-problems of operator tremor, especially with higher mag-
nification and without operator expertise. Precise tar- tative competitive PCR (QC-PCR) assay. Furthermore,
for accurate assay, QC-RT-PCR requires the additiongeted regions can be obtained with a sharp laser beam
using LMM/LPC, a technique that is easy to operate as of different dilutions of RNA competitor before reverse
transcription. It seems that real-time PCR is faster andit is similar to a computer mouse operation. As reported
in this article, this method allowed selective analysis of less tedious for the quantitation of mRNA expression,
especially with the extremely small amount of samplegene expression in the particular region isolated from the
frozen cryostat specimen, avoiding the contamination of such as mRNA isolated by the LMM/LPC method.
We confirmed the elevated expression of TGF-b1other cells.
The quantitation of gene expression was performed mRNA in glomeruli isolated from histologic specimens
of rat anti-Thy1.1 glomerulonephritis kidneys (Fig. 5).by real-time PCR. Several RT-PCR methods have been
reported to quantitate gene expression [19–24]. Most of We chose TGF-b1 mRNA to assess the methods because
it has been reported and well established that its expres-them require laborious efforts to define the conditions,
so that the quantity of PCR products is analyzed in the sion reached a peak in glomeruli about seven days after
the induction of anti-Thy1.1 antibody [7, 28]. TGF-b1 islog phase for both the targeted gene and control gene,
which are constantly expressed and abundant in poten- a cytokine that plays an important role in tissue repair
after injury [29, 30]. The modulation of TGF-b1 expres-tially any samples such as b-actin or G3PDH. In contrast,
because real-time PCR has a large dynamic assay range sion by various methods has been reported to suppress
fibrotic changes or extracellular expansion in experimen-(5 to 9 logs), it is easy to quantitate target gene expression
and the internal control gene during the exponential tal glomerulonephritis [28, 31–34]. TGF-b1/G3PDH in
the isolated glomeruli of anti-Thy1.1 glomerulonephritisphase [25]. Quantitative competitive PCR is an alterna-
tive way to perform the quantitation of PCR products model rats was approximately threefold more than that
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